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 This thesis presents an investigation into Paleoindian projectile-point morphol-
ogy.  A goal of this research is to determine if evidence of a normative cultural manu-
facturing protocol can be identified on Clovis projectile points which can then be used to 
address research questions concerning Clovis point variability, and ultimately, the spread 
of this tool-form across North America.   This paper addresses obstacles to behavioral 
investigations of stone tool morphology such as the effects of resharpening and raw 
material type on tool shape.   I argue that a culturally normative process of manufacture 
was maintained throughout the life-history of Clovis projectile points which translated 
into a specific shape maintained to the time of exhaustion and discard.   As an analyti-
cal tool, this study utilizes the geometric morphometric method to retain the geometry 
of each artifact throughout analysis by focusing on spatial covariation among landmarks 
uniformly found on each tool.  This thesis investigates variability in 123 fluted projectile 
points from 23 archaeological sites in North America which met criteria meant to control 
for security of context in the archaeological record.  Principle components describing the 
shape-variability inherent in this data-set were generated using geometric morphometrics 
and multivariate statistical analyses were employed to identify major factors of variabil-
ity.  
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 This research concluded that Clovis projectile-point shape was determined by 
normative cultural behavior maintained throughout the life of the artifact and not the re-
sult of raw material type or resharpening processes.  Therefore, the projectile-point vari-
ability found to be geographically patterned provided evidence of Paleoindian movement 
and the spread of tool form.  Multivariate analysis of variance determined that a regional 
trend in variability was present.  The distribution of within-site variance suggested that 
artifacts from sites in the West were very homogeneous while artifacts from Eastern sites 
were more variable.  The multivariate cluster and discriminant function analyses also 
demonstrated a closer affinity between artifacts in the Southwest and Northwest than ei-
ther has with the Northeast.  The similarities in projectile point morphology between the 
Southwest and Northwest regions suggest movement beginning with a Southwest point 
of origin from which Pleistocene peoples may have carried their fluted point technology 
north and east.
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Measuring Variability: Exploratory Applications of 


















































































































































































Figure 2.1. Early North American archaeological sites represented 
by the fluted points used in the analysis. 1) Anzick; 2) BWD; 3) Cactus Hill; 4) Colby; 
5) Debert; 6) Dent; 7) Domebo; 8) Drake; 9) Gault; 10) Indian Creek; 11) Jake Bluff; 
12) Kimmswick; 13) Lange-Ferguson; 14) Lehner; 15) Murray Springs; 16) Naco; 
17) Paleo-crossing; 18) Richey Roberts; 19) Shawnee Minisink; 20) Sheridan Cave; 











































































































































































































































































































































Figure 2.3. Five geographical regions consisting of the northwestern United States 
(NW), the North American southwest (SW), the Southern High Plains (SHP), the lower 














Figure 2.4. Three major regions consisting of the northwestern United States (NW), the 
combination of the North American Southwest and the Southern High Plains (SW), and 





































































Figure 3.2. Principal components 1-4. A) PC-1; B) PC-2; C) PC-3; D) PC-4.



















































































Figure 3.3. (a) Centroid plots of the  four principal components for the entire data set with 
regard to form; (b) Centroid plots of principal components 1, 2 and 4 for the entire data 
set with regard to form; (c) Centroid plots of the four principal components for the entire 
data set with regard to shape; (d) Centroid plots of principal components 1, 2 and 4 for the 
















Variable F-test NumDF DenDF p-value
Archaeological	Site 3.32 63 290.3855 0.000000
Mean	RadioCarbon	Age 2.38067 3 69 0.07702
Latitude 20.232 3 7 0.000000
Longitude 9.3003 3 7 0.000000
Lat*Long	(cross) 5.27207 3 5 0.00920
5	Geographic	Regions 7.95588 2 30.9072 0.000000
3	Major	Regions .339 6 232 0.000000
Site	Type 7.3937 3 7 0.0009
Table	3.2.	MANOVA	results	for	shape.
Variable F-test NumDF DenDF p-value
Archaeological	Site 3.6608 8 385.59 0.000000
Mean	RadioCarbon	Age 2.567562  69 0.05600
Latitude 5.8907  7 0.000000
Longitude 5.3298  7 0.000000
Lat*Long	(cross) .06979  5 0.00379
5	Geographic	Regions 6.020329 6 38.93 0.000000
3	Major	Regions 8.6980 8 232 0.000000







































Figure 3.4. Principle components 1-4 of non-cache data-set. A) PC-1; B) PC-2; 







Figure 3.5. Centroid plots of the four principal components for data-set without cache 
sites with regard to both shape and form.
	 	 Shape          Form
5
Variable F-test NumDF DenDF p-value
Archaeological	Site 2.79785 5 6.597 0.0006
Mean	RadioCarbon	Age .3228 3 60 0.22302
Latitude .5288 3 7 0.000000
Longitude 3.39 3 7 0.000000
Lat*Long	(cross) .9592 3 69 0.00370
5	Geographic	Regions 5.90306 2 80.2026 0.000000
3	Major	Regions 7.53958 6 0 0.00000
Site	Type .777 3 7 0.00506
Table	3..	MANOVA	results	for	shape	(no	caches).
Variable F-test NumDF DenDF p-value
Archaeological	Site 2.02688 68 28.5 0.000065
Mean	RadioCarbon	Age 3.292  60 0.0230
Latitude 0.9055  7 0.00000
Longitude 0.225  7 0.000002
Lat*Long	(cross) .2676  69 0.003857
5	Geographic	Regions .6995 6 208.38 0.000000
3	Major	Regions 5.8323 8 0 0.000002





















Figure 3.6. Variance between all sites.
7
Figure 3.7. Variance between sites without caches.
Figure 3.8. Variance between 5 geographic regions.
8
























Figure 3.11. Variance between three major regions without caches.
Figure 3.12. Variance within and between 3 major regions.
5












Figure 3.14 Variance of PC1 vs. sample size.































Figure 3.16. Multivariate cluster and Euclidean distance matrix for entire data-set.
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Figure 3.18. (a) First 4 Euclidean distances according to all archaeological 
sites in the data-set; (b) First 8 Euclidean distances according to all 
archaelogical sites in the data-set; (c) First 12 Euclidean distances according 
to all archaeological sites in the data-set; (d) First 16 Euclidean distances ac-

























































Figure 3.21. (a) First 4 Euclidean distances according to data-set with-
out caches; (b) First 8 Euclidean distances according to data-set without 
caches; (c) First 12 Euclidean distances according to data-set without 



































-NW 62.50% 25% 2.50%
2-SW 2.95% 73.7% .89%
3-NE .% 29.63% 59.26%
-NW 2-SW 3-NE
-NW 5 2 
2-SW 9 30 2




-NW 7.5% 8.8% 7.27%
2-SW 26.83% 68.29% .89%




-NW  0 
2-SW  28 2
















































Figure 3.22. Comparison of original PC1 (top) with PC1s 
generated for caches and individual regions.
65
Figure 3.23. Comparison of original PC2 (top) with PC2s 
generated for caches and individual regions.
Figure 3.24. Frequencies of 1st and 
2nd original principal component 
loadings for NE projectile points.
66
Figure 3.25. Point-shape characteristic of the NE region and ex-
amples of projectile points (ppt) misclassified to the Northeastern 
region by discriminant function analysis. A) NE type prediction; B) 
Fenn ppt; C) Fenn ppt; D) Colby Mammoth ppt; E) Murray Springs 








Figure 3.26. Frequencies of 1st and 
2nd original principal component 

















Figure 3.27. Point-shape characteristic of the SW region and examples 
of projectile points (ppt) misclassified to the Southwestern region by 
discriminant function analysis. A) SW type prediction; B) Azick ppt; 
C) Dent ppt; D) Simon ppt; E) Shawnee-Minisink ppt; F) Paleo-cross-





























Figure 3.28. Frequencies of 1st and 
2nd original principal component 
loadings for NW projectile points.
Figure 3.29. Point-shape characteristic of the NW region and exam-
ples of projectile points (ppt) misclassified to the Northwestern region 
by discriminant function analysis. A) NW type prediction; B) BWD 
ppt; C) BWD ppt; D) Murray Springs ppt; E) Lehner ppt; F) Lehner 

























Figure 3.30. Frequencies of 1st and 2nd 
original principal component loadings for 
cached projectile points.
Figure 3.31. Frequencies of 1st and 2nd 
original principal component loadings for 
NW projectile points without caches.






Artifact      Raw                 Euclidean             Point 
Number  Material                Distance         Relationships
76	 			Utah	agate	 	 	 	 	 	 0.2929398	 582	-	58
735	 			Utah	agate	 	 	 	 	 	 0.525056	 66	-	589
723	 			Utah	agate	 	 	 	 	 	 0.65669	 656	-	6
692	 			Utah	agate	 	 	 	 	 	 0.692678	 735	-	723
679	 			Utah	agate	 	 	 	 	 	 0.698728	 663	-	573
663	 			Utah	agate	 	 	 	 	 	 0.720929	 66	-	562
656	 			Utah	agate	 	 	 	 	 	 0.7882736	 679	-	663
60	 			Utah	agate	 	 	 	 	 	 .0558065	 699	-	628
562	 			Utah	agate	 	 	 	 	 	 .07037265	 692	-	679
553	 			Utah	agate	 	 	 	 	 	 .75987	 66	-	582
536	 			Utah	agate	 	 	 	 	 	 .858059	 656	-	553
582	 			Green	River	chert	 	 	 	 	 .520632	 692	-	656
589	 			Green	River	chert	 	 	 	 	 .607566	 66	-	60
6	 			Quartz		 	 	 	 	 	 .7782677	 692	-	536
628	 			Quartz		 	 	 	 	 	 .9555239	 735	-	66
66	 			Red	Jasper	 	 	 	 	 	 2.66087	 735	-	699
58	 			Red	Jasper	 	 	 	 	 	 2.6328663	 735	-	692
699	 			Obsidian	 	 	 	 	 	 3.6957572	 76	-	735
573	 			Amsden	Formation	chert	
Figure 3.32. Raw material analysis on the Fenn Cache. Left: artifact number and 
corresponding raw material; Center: dendrogram form multivariate cluster; Right: 



















Artifact      Raw                 Euclidean        Point  
Number  Material                Distance    Relationships
							 Alibates	dolomite	 	 	 	 	 0.55667552	 	-	3
						2	 Alibates	dolomite	 	 	 	 	 0.802893	 8	-	
						3	 Edwards	chert	 	 	 	 	 	 0.925007	 7	-	0
							 Alibates	dolomite	 	 	 	 	 0.98262266	 2	-	2
						5	 Alibates	dolomite	 	 	 	 	 .93063	 	-	
						6	 Alibates	dolomite	 	 	 	 	 .663335	 	-	2
						7	 Alibates	dolomite	 	 	 	 	 .505339	 5	-	8
						8	 Alibates	dolomite	 	 	 	 	 .7320853	 7	-	9
						9	 Alibates	dolomite	 	 	 	 	 .83538025	 5	-	7
					0	 Chalcedony	 	 	 	 	 	 .92839352	 	-	3
						 Alibates	dolomite	 	 	 	 	 2.6989037	 	-	5
					2	 Alibates	dolomite	 	 	 	 	 3.55609	 	-	6
					3	 Alibates	dolomite	 	
Figure 3.33. Raw material analysis on the Drake Cache. Left: artifact number and 
corresponding raw material; Center: dendrogram form multivariate cluster; Right: 








        Artifact      Raw                           Euclidean            Point  
        Number   Material               Distance       Relationships
	 	 Quartz	 	 	 	 	 	 0.35379359				 			2	-	
	 2	 Quartz	 	 	 	 	 	 0.786329	 			6	-	7
	 3	 Quartz	 	 	 	 	 	 .7598873	 			2	-	6
	 	 Chalcedony	 	 	 	 	 .823559	 				-	9
	 5	 Chert	 	 	 	 	 	 2.9657	 			2	-	3
	 6	 Chert	 	 	 	 	 	 2.607376	 				-	5
	 7	 Chalcedony	 	 	 	 	 2.830387	 				-	2
	 9	 Jasper	 	 	
Figure 3.34. Raw material analysis on the Lehner site. Left: artifact number and 
corresponding raw material; Center: dendrogram form multivariate cluster; Right: 

















































































































































































































































































































































Figure 4.1. Relationship between the three regions demonstrated by 
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